JC772 U.S. PTO 




07/13/00 



TERRELL C. BIRCH 
RAYMOND C. STEWART 
JOSEPH A. KOLASCH 
JAMES M. S LATTERY 
BERNARD L SWEENEY* 
MICHAEL K. MUTTER 
CHARLES GORENSTEIN 
GERALD M. MURPHY. JR 
LEONARD R. SV6NSSON 
TERRY L. CLARK 
ANDREW D. MEIKLE 
MARC S. WEINER 
JOE McKINNEY MUNCY 
ROBERT J. KENNEY 
DONALD J. DALEY 
JOHN W. 8A1LEY 
JOHNA.CASTELLANO.lll 
GARY D. YACURA 



Birch, Stewart, Kolasch & Birch, llp 



OF COUNSEL: 

HERBERT M. BIRCH (1905-1996) 
ELLIOT A GOLOBERG* 
WILLIAM L. GATES' 
EDWARD H. VALANCE 1 
RUPERT J. BRADY (RET )' 
F. PRINCE BUTLER 
FRED S. WHiSENHUNT 



INTELLECTUAL PROPERTY LAW 
8110 Gatehouse Road 
Suite 500 East 
Falls Church, VA 22042-1210 
USA 
(703) 205-8000 

FAX. (703) 205-8050 
(703) 698-8590 {G IV) 

e-mail mailfoom@bskb.cofn 
web: http //www.bskb com 

CALIFORNIA OFFICE: 
Costa mesa, California 



THOMAS S AUCHTERLONfE 
JAMES T ELLER. JR 
SCOTT L LOWE 
MARK J NUELL. PhD 
0 RICHARD ANDERSON 
PAULC LEWIS 
MARK W MILSTEAO* 
JOHN CAMPA" 
RICHARD J GALLAGHER 




REG PATENT AGENTS 
FREDERICK R HAND REN 
MARYANNE ARMSTRONG. Ph 0 
MAKI HATSUMI 
MIKE S. RYU 
CRAIG A. McROBBJE 
GARTH M DAHLEN. Ph O 
LAURA C LUT2 
ROBERT E GOOZNER, PhD 
HYUNGN SOHN 
MATTHEW J LATTIG 
ALAN PEOERSEN-GILES 
JUSTIN O KARJALA 
C KEITH MONTGOMERY 
TIMOTHY R WYCKOFF 
HERMES M SOYEZ. PhD 
KRISTIL RUPERT. PhD 



•ADMJTTEO TO A BAR OTHER THAN VA 



In Date: July 13, 2000 
^ Docket No . : 1248-0509P 

~L; Assistant Commissioner for Patents 
y; Box PATENT APPLICATION 
^Washington, D.C. 20231 

y Sir: 

y Transmitted herewith for filing is the patent application of 

O Inventor (s) : MIYACHI, Kumi 

YAMASHITA, Toshifumi 

For: SEMICONDUCTOR DEVICE 



Enclosed are: 

X A specification consisting of 35 pages 

X 7 sheet (s) of Formal drawings 

X An assignment of the invention 

X Certified copy of Priority Document (s) 

X Executed Declaration X Original Photocopy 

A verified statement to establish small entity status under 37 

CFR 1.9 and 37 CFR 1.27 

(Preliminary Amendment 

X Information Disclosure Statement, PTO- 1449 and reference (s) 



Mam, Addkkss. P.O. Box 747, Falls Church, Vikcwni-v USA 22(W0-07«17 



1248-0509P 



Other 

The filing fee has been calculated as shown below: 



LARGE ENTITY SMALL ENTITY 



FOR 


NO. FILED 




P A HPT? 


r iiJi 




RATE 


FEE 






*********** 


********** 


***** 






* * * * 






BASIC FEE 


*********** 
*********** 


********** 
********** 


***** 
***** 


$690.00 


or 


* * * * 

* * * * 


$345 


.00 


TOTAL 
CLAIMS 


7 - 20 = 


0 


xl8 =$ 


0.00 


or 


x 9 = $ 


0 


.00 


INDEPENDENT 


5 - 3 = 


2 


x78 =$ 


156.00 


or 


x 39 = $ 


0 


.00 


MULTIPLE DEPENDENT 
















CLAIM PRESENTED no 


+260 = 


$ 0.00 


or 


+130 = $ 


0 


.00 



TOTAL $ 846.00 TOTAL $ 0.00 



A check in the amount of $ 886.00 to cover the filing fee and 
recording fee (if applicable) is enclosed. 

Please charge Deposit Account No. 02-2448 in the amount of 

$ . A triplicate copy of this transmittal form is 

enclosed. 

No fee is enclosed. 

If necessary, the Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 02-2448 for any additional 
fees required under 37 C.F.R. 1.16 or under 37 C.F.R. 1.17; 
particularly, extension of time fees. 




, LLP 



P. 0. Box 747 

(703) 205-8000 Falls Church, Virginia 22040-0747 

TCB/dpt 



- 1 - 



SEMICONDUCTOR DEVICE 

FIELD OF THE INVENTION 
The present invention relates to a semiconductor 
device in which a plurality of semiconductor integrated 
circuit chips are integrally sealed, and in particular to 
a structure for performing a test thereon. 

BACKGROUND OF THE INVENTION 
In recent years, in response to high integration of 
semiconductor integrated circuit chips, the number of 
pins in devices (semiconductor device) such as IC and LSI 
has been increasing. Meanwhile, demand for mounting these 
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devices on a substrate in high density has also been 
increasing, fostering the advancement of a smaller 
package. As a result, in testing of these devices, the 
pin interval becomes less than the diameter of a probe 
used in the test, which makes it difficult to employ a 
so-called in-circuit method, which has been 
conventionally used to perform measurements by bringing 
a probe into contact with a pattern surface of a print 
substrate . 

In the light of this problem, a unique measure has 
been taken to change positions of test pads, which, 
however, requires an additional substrate space, 
preventing high density mounting. Also, in a BGA (Ball 
Grid Array) package, a ball lead is disposed on a rear 
surface of the package and once surface mounting is 
secured, it becomes impossible to make a probe contact. 

The above problem becomes especially notable when 
the number of pins is increased in response to high 
integration in what is called a stacked package in which 
a plurality of semiconductor integrated circuit chips are 
provided in a stacked structure of upper and lower layers 
or multiple layers, or a multi-chip module in which 
semiconductor integrated circuit chips are disposed on a 
plane surface . 

To solve these problems, there has been development 
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of a boundary scan testing method as a new testing method 
for a substrate mounting a plurality of IC packages, 
which is called a JTAG test or which is in accord with 
IEEE 114 9.1. In recent years, virtually all micro 
processors as well as some of the peripheral circuits are 
made compatible with this boundary scan test. The 
boundary scan test is a method for testing whether pins 
of IC or LSI package devices mounted on a print substrate 
are properly connected by feeding signals from a tester 
such as an external host computer of the print substrate . 

A device compatible with the boundary scan test has 
a structure, for example, as shown in Fig. 6, and it 
includes, in addition to a core logic 1 for realizing an 
intended function of the device, a boundary scan register 
("BSR" hereinafter) 2, instruction register 3, bypass 
register 4, option register 5, test access port ("TAP" 
hereinafter) 6 for controlling these elements, and 
controller ("TAPC" hereinafter) 7 for controlling the TAP 
6. The core logic 1 may have any arrangement. 

The TAP 6 is a serial interface which performs input 
and output of commands, data, and test result with 
respect to the core logic 1, and in accordance with the 
specifications of the boundary scan test, it includes 
five signal lines TDI, TDO, TCK, TMS, and TRST, of which 
TRST is optional. The BSR 2 is made up of a serially 
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connected shift registers 2s called "cells", which are 
provided between pins 8 and input and output terminals of 
the core logic 1, and the shift registers 2s perform a 
function equivalent to that of a conventional probe and 
connect the signal lines TDI and TDO and the input and 
output terminals of the core logic 1. Between the signal 
lines TDI and TDO are provided the bypass register 4, 
instruction register 3, and option register 5, which are 
disposed parallel to each other. 

The TDI is a signal line for serially inputting 
commands and data with respect to the core logic 1, and 
TDO is a signal line for serially outputting data from 
the core logic 1, and TCK is a signal line for supplying 
a test clock independently from a system clock which is 
exclusive to the core logic 1, and TMS is a signal line 
for controlling a test operation, and TRST is a signal 
line for initializing the TAPC to be asynchronous. The 
boundary scan test is enabled by controlling these five 
signal lines with an external host computer. 

The boundary scan test is discussed, for example, in 
"Fundamentals and Applications of JTAG Test" (published 
by CQ Publishing Co.; published date: December 1, 1998) 
and Japanese Unexamined Patent Publication No. 
322988/1993 (Tokukaihei 5-322988) (published date: 
December 7, 1993) . 
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Fig. 7 is a drawing explaining a method of a 
conventional boundary scan test. On a print substrate 11 
to be subjected to the test are mounted a plurality of 
devices IC1, IC2 7 . and ICn (will be indicated by 

reference symbol "IC" when referring to the chips in 
general) . On a periphery of the print substrate 11 is 
mounted a connector 12, which is connected to a host 
computer 13 . 

In each device IC, pins corresponding to the signal 
lines TCK, TMS, and TRST are connected, parallel to each 
other, via a pattern formed on the print substrate 11, to 
their corresponding pins of the connector 12. Meanwhile, 
with regard to pins corresponding to the signal lines TDI 
and TDO, a pin corresponding to the signal line TDO and 
a pin corresponding to the signal line TDI are 
successively and serially connected to each other between 
devices of preceding and following stages, and a pin 
corresponding to the signal line TDI of the device of the 
first stage and a pin corresponding to the signal line 
TDO of the device of the last stage are connected to 
their corresponding pins of the connector 12, 
respectively . 

In the print substrate 11 structured as above, each 
device IC is controlled by the host computer 13 so as to 
carry out the boundary scan test all at once with respect 



- 6 - 

to all the device ICs. Note that, a discrete function 
test of each device is individually performed one after 
another for each device IC using other pins. 

However, in devices such as the stacked device or 
multi-chip module in which a plurality of semiconductor 
integrated circuit chips are integrally sealed, so long 
as the chips are integrally sealed, in order to enable 
the boundary scan test, each chip requires the five 
signal lines as noted above and the number of pins 
provided becomes large, and in response to this increase 
in the pin number, the test pattern length on the 
substrate is increased. Further, the test needs to be 
performed for the number of chips provided. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
a semiconductor device in which a test needs to be 
carried out only once with a smaller number of pins in a 
structure where a plurality of semiconductor integrated 
circuit chips are integrally sealed. 

In order to achieve the foregoing object, a 
semiconductor device of the present invention includes: 

a plurality of chips, which are integrally sealed; 

a test signal input terminal for receiving an 
externally supplied test signal; 
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a test result output terminal for outputting a test 
result of the plurality of chips to outside; and 

control signal input terminals for receiving 
externally supplied test control signals, 

the test signal inputted from the test signal input 
terminal being successively transferred through the 
plurality of chips, and 

the test control signals inputted from the control 
signal input terminals being individually supplied to 
each of the plurality of chips . 

With this arrangement, a plurality of chips are 
integrally sealed. In a semiconductor device made up of 
a plurality of chips, pins are packed very closely in 
high density, which prevented accurate testing by the 
conventional in-circuit method. In the light of this 
problem was developed a boundary scan test, which, 
however, presented the following problems in a 
conventional semiconductor device in which common chips 
are integrally sealed. 

That is, an integrally sealed arrangement of 
multiple chips would require large numbers of (e.g., 5) 
signal lines to perform the boundary scan test, which 
results in increased pin number and in turn increased 
test pattern length on the substrate. Also, the test 
needs to be performed for the number of chips provided. 
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In the foregoing arrangement of the present 
invention, there are provided a test signal input 
terminal for receiving an externally supplied test 
signal, a test result output terminal for outputting a 
test result of the plurality of chips to outside, and 
control signal input terminals for receiving externally 
supplied test control signals, and the test signal 
inputted from the test signal input terminal is 
successively transferred through the plural chips and the 
test control signals inputted from the control signal 
input terminals are individually supplied to each of the 
plural chips . 

With this arrangement, the test signal input 
terminal, test result output terminal, and control signal 
input terminals are not required to be provided for each 
chip, making it possible to minimize the required number 
of the input and output terminals. As a result, the test 
can be carried out accurately and only once with a 
smaller number of pins with respect to the plurality of 
integrally sealed chips. 

Further, another semiconductor device of the present 
invention includes: 

a plurality of chips, which are integrally sealed; 

a test signal input terminal for receiving an 
externally supplied test signal; 
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a test result output terminal for outputting a test 
result of the plurality of chips to outside; and 

control signal input terminals for receiving 
externally supplied test control signals, 

only one of the plurality of chips being connected 
to the test signal input terminal, to the test result 
output terminal, and to the control signal input 
terminals , 

the test signal being inputted to the one of the 
plurality of chips and successively transferred through 
the other chips, and after being inputted again into the 
one of the plurality of chips, outputted as the test 
result to outside, and 

the test control signals being individually supplied 
from the one of the plurality of chips to each of the 
other chips . 

With this arrangement, an externally inputted test 
signal and test control signal are inputted to one of the 
plural chips. The test signal is then successively 
transferred from this single chip through the other 
chips, and after being inputted again to the single chip, 
outputted to outside as a test result. Meanwhile, the 
test control signals are individually supplied to each of 
the other chips from the single chip. 

With this arrangement, the test signal input 
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terminal, test result output terminal, and control signal 
input terminals are not required to be provided for each 
chip, thus accurately carrying out the test only once 
with a smaller number of pins with respect to the 
plurality of integrally sealed chips. 

Further, with the foregoing arrangement, an 
externally supplied signal is directly given to only one 
of the multiple chips. Thus, by sharing the test circuit 
of this single chip with the other chips, it is not 
required to individually provide the test circuit for the 
other chips. As a result, the number of gates and chip 
area of the other chips, as well as the number of 
manufacturing steps can be reduced. 

For a fuller understanding of the nature and 
advantages of the invention, reference should be made to 
the ensuing detailed description taken in conjunction 
with the accompanying drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is an electrical circuit diagram in a stacked 

device as a semiconductor device in accordance with one 

embodiment of the present invention. 

Fig. 2 is a cross sectional view showing one example 

of a structure of the stacked device as shown in Fig. 1 

and Fig. 5. 
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Fig. 3 is an electrical circuit diagram in a stacked 
device as a semiconductor device in accordance with 
another embodiment of the present invention. 

Fig. 4 is a cross sectional view showing one example 
of a structure of the stacked device as shown in Fig. 3. 

Fig. 5 is an electrical circuit diagram in a stacked 
device as a semiconductor device in accordance with yet 
another embodiment of the present invention. 

Fig. 6 is a block diagram showing one example of a 
device which is compatible with the boundary scan test. 

Fig. 7 is a block diagram explaining a method of a 
conventional boundary scan test. 

DESCRIPTION OF THE EMBODIMENTS 
The following will describe one embodiment of the 
present invention referring to Fig. 1, Fig. 2 and Fig. 6. 

Fig. 1 is an electrical circuit diagram in a stacked 
device 21, which is a semiconductor device of one 
embodiment of the present invention. In the stacked 
device 21 are provided a plurality of chips icl, ic2, and 
ic3 (will be indicated by reference symbol "ic" when 
referring to the chips in general) which are sealed 
integrally. Each chip ic includes, in addition to a core 
logic 1 as shown in Fig. 6 for realizing an intended 
function of the device, BSR 2, instruction register 3, 
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bypass register 4, option register 5, TAP 6 for 
controlling these elements, and TAPC 7 for controlling 
the TAP 6 . The core logic 1 may have any arrangement . 

Pads AC, AM, and AR of each chip ic, respectively 
corresponding to signal lines TCK, TMS, and TRST, are 
connected, parallel to each other, via wires WC, WM, and 
WR, to their corresponding pins BC, BM, and BR of the 
stacked device 21. With regard to pads AI and AO 
corresponding to signal lines TDI and TDO, respectively, 
pad AO corresponding to the signal line TDO and pad AI 
corresponding to the signal line TDI are successively and 
serially connected to each other via wire WOI connecting 
the chips between devices of preceding and following 
stages, and pad AI corresponding to the signal line TDI 
of the chip icl of the first stage and pad AO 
corresponding to the signal line TDO of the chip ic3 of 
the last stage are connected to their corresponding pins 
BI and BO, respectively. 

Likewise, with regard to pads AI, A2 , and A3, and 
pads A4, A5, and A6 , respectively corresponding to signal 
lines PAD1, PAD2, and PAD3 , and signal lines PAD 4, PADS , 
and PAD 6 for the common core logic 1, the pads A4, A5, 
and A6, respectively corresponding to the output signal 
lines PAD4, PAD5, and PAD 6 of the chip of a preceding 
stage are connected, parallel to each other, via wires 
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W41, W52, and W63 connecting the chips, to the pads Al, 
A2, and A3, respectively corresponding to the input 
signal lines PAD1, PAD2, and PAD 3 of the chip of the 
following stage, respectively. 

Further, the pads Al, A2, and A3, respectively 
corresponding to the input signal lines PAD1, PAD2, and 
PAD3 of the chip icl of the first stage are connected, 
parallel to each other, via wires Wl, W2, and V73 
connecting the chips, to their corresponding pins Bl, B2, 
and B3, respectively. The pads A4, A5 , and A6, 
respectively corresponding to the output signal lines 
PAD4, PADS, and PAD 6 of the chip ic3 of the last stage 
are connected, parallel to each other, via wires W4, W5 , 
and W6, to their corresponding pins B4, B5, B6, 
respectively . 

Namely, the semiconductor device of the present 
embodiment includes a plurality of chips ic which are 
integrally sealed, a test signal input terminal (pin BI) 
for receiving an externally supplied test signal, a test 
result output terminal (pin BO) for outputting the test 
result of the plural chips ic to outside, and control 
signal input terminals (pins BC, BM, and BR) for 
receiving externally supplied test control signals. The 
test signal inputted from the test signal input terminal 
(pin BI) is successively transferred through the plural 
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chips ic, whereas test control signals inputted from the 
control signal input terminals (pin BC, BM, and BR) are 
individually supplied to each chip ic. 

The stacked device 21 structured as above is mounted 
as the device 1C1 or IC2 as shown in Fig. 7 on a 
substrate 11 to be subjected to a test, and TAP 6 of each 
chip is controlled by a host computer 13 so as to carry 
out the boundary scan test all at once with respect to 
all the chips ic in the stacked device 21. Note that, a 
discrete function test of each chip ic is individually 
carried out one after another for each chip ic using pins 
Bl to B6, etc. 

In this manner, the test commands/data input and 
output pins BI and BO and input pins BC, BM, and BR of 
signals to be used in a test of the device can be 
provided with the minimum required number of 4 (when 
omitting BR) or 5, thus carrying out the test with a 
smaller number of pins and reducing a test pattern length 
on the print substrate 11. Further, a test needs to be 
carried out only once . 

Fig. 2 is a cross section showing one example of a 
structure of the stacked device 21. Note that, even 
though Fig. 1 described the case of three chips icl, ic2, 
and ic3, for convenience of explanation, only two chips 
are provided in Fig. 2. The stacked device 21 is a 
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semiconductor device of a BGA structure in which two 
chips icl and ic2 are stacked on one surface of a 
substrate 22 and solder bump 23 is provided in a matrix 
on the other surface of the substrate 22. The chips icl 
and ic2 are connected to each other by a pad on the 
substrate 22 and wire W, and to the solder bump 23 via a 
pattern on the substrate 22. The chips icl and ic2 are 
integrally sealed air-tight by mold resin 24. 

In this manner, in the stacked device 21, two chips 
icl and ic2 are stacked on one surface of the substrate 
22, and the chips icl and ic2 can be connected to each 
other by wire WOI, W41, W52, or W63 . 

The following will describe another embodiment of 
the present invention referring to Fig. 3, Fig. 4, and 
Fig. 6. 

Fig. 3 is an electrical circuit diagram in a stacked 
device 31, which is a semiconductor device of another 
embodiment of the present invention. The stacked device 
31 is analogous to the foregoing stacked device 21, and 
thus corresponding parts or elements are given the same 
reference numerals and explanations thereof are omitted 
here. As in Fig. 6 and Fig. 1, the chips icl and ic2 each 
includes, in addition to the core logic 1 for realizing 
an intended function of the device, BSR2 , instruction 
register 3, bypass register 4, option register 5, TAP 6 
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for controlling these elements, and TAPC 7 for 
controlling the TAP 6, along with other elements. 

In each chip ic, pads AC, AM, and AR, respectively 
corresponding to signal lines TCK, TMS, and TRST are 
connected, parallel to each other, via wires WC, WM, and 
WR, to their corresponding pins BC, BM, and BR of the 
stacked device 31. Further, pad AO corresponding to the 
signal line TDO is connected via wire WO to pin BO, which 
is individually provided for each of the chips icl and 
ic2, and a boundary scan test output is serially 
outputted therefrom. Meanwhile, with regard to pad AI 
which corresponds to signal line TDI, a pad AI 
corresponding to signal line TDI of the chip icl of the 
first stage is connected via wire Wl to its corresponding 
pin BI, whereas a pad AI corresponding to signal line TDI 
of the chip ic2 of the following stage is connected via 
wire WOI to pin BO which corresponds to signal line TDO 
of the chip icl of the preceding stage. 

Further, pads AI, A2 , and A3, and pads A4 , A5 , and 
A6, respectively corresponding to the signal lines PAD1, 
PAD2 , and PAD 3 and signal lines PAD4, PADS , and PADS for 
the common core logic 1 of each chip ic are connected, 
parallel to each other, via wires Wl, W2, and W3 , and 
wires W4, W5, and W6, to the pins Bl, B2, and B3 and pins 
B4, B5, and B6, respectively, which are separately 
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provided . 

In this manner, even in cases where the chips cannot 
be directly connected to each other, by connecting the 
chips via pin BO, it is possible, though it is required 
to provide the test commands/data output pin BO of the 
device for each of the chips icl and ic2 , to provide the 
other test commands /data input pin BI and input pins BC, 
BM, and BR of signals to be used in a test with the 
minimum required number of 3 (when omitting BR) or 4, 
thus carrying out the test with a smaller number of pins 
and reducing a test pattern length on the print substrate 
11. Further, the test needs to be carried out only once. 

Fig. 4 is a cross section showing one example of a 
structure of the stacked device 31. The stacked device 31 
is a semiconductor device of a DIL (Dual In Line) 
structure in which chips icl and ic2 are stuck on the 
front and back surfaces of a substrate 32, respectively, 
and pins 3 3 are disposed in a row from the both ends of 
the pair of the chips icl and ic2 . Due to this structure, 
unlike the foregoing structure, the chips icl and ic2, 
respectively on the front and back surfaces of the 
substrate 32, cannot be connected to each other by wire, 
and thus the chips icl and ic2 are connected to each 
other via test commands/data output pin BO. Also, the 
chips icl and ic2 are integrally sealed air-tight by mold 
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resin 24 . 

The following will describe yet another embodiment 
of the present invention referring to Fig. 5 and Fig. 2. 

Fig. 5 is an electrical circuit diagram in a stacked 
device 41, which is a semiconductor device of yet another 
embodiment of the present invention. The stacked device 
41 is analogous to the foregoing stacked devices 21 and 
31, and corresponding parts or elements will be given the 
same reference numerals and explanations thereof are 
omitted here. The chips icla, ic2a, and ic3a of the 
stacked device 41 are the same as the foregoing chips 
icl, ic2, and ic3 in the structure where the BSR2 and TAP 
6 are provided for each chip in addition to the core 
logic 1 for realizing an intended function of the device, 
as shown in Fig. 6, yet they are different with regard to 
TAPC 7, instruction register 3, bypass register 4, and 
option register 5, etc., which are not provided on the 
chips ic2a and ic3a of the second and subsequent stages, 
but are provided only on the chip icla of the first 
stage . 

Thus, the chip icla is provided with relay signal 
lines TDIa and TDOa of the signal lines TD1 and TDO, and 
output signal lines TAPO, TAP1, TAP2 , TAP 3 , and TAP4 
corresponding to the signal lines TCK, TMS, and TRST. The 
chips ic2a and ic3a are each provided with signal lines 
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TDI and TDO, as well as signal lines TAPO, TAP1, TAP 2 , 
TAP3, and TAP4 . 

Pads AI, AC, AM, and AR of the chip icla of the 
first stage, respectively corresponding to the signal 
lines TDI, TCK, TMS, and TRST are connected, parallel to 
each other, via wires WI, WC, WM, and WR, to their 
corresponding pins BI, BC, BM, and BR of the stacked 
device 41. Pad AOa which corresponds to the relay signal 
line TDOa is connected to pin BO via wire WO. 

Meanwhile, pads CO, CI, C2, C3 , and C4, respectively 
corresponding to signal lines TAPO, TAP1, TAP 2 , TAP 3 , and 
TAP 4 are connected, parallel to each other, via wires 
W10, Wll, W12, W13, and W14 , to their corresponding pads 
CO, CI, C2, C3 , and C4 of the signal lines TAPO, TAP1, 
TAP2, TAP3, and TAP 4 of the chips ic2a and ic3a, 
respectively. 

Further, pad AO corresponding to signal line TDO is 
connected, via wire WOI connecting the chips, to pad AI 
which corresponds to signal line TDI of the chip ic2a, 
and similarly, pad AO corresponding to signal line TDO of 
the chip ic2a is connected, via wire WOI connecting the 
chips, to pad AI which corresponds to signal line TDI of 
the chip ic3a. Also, pad AO corresponding to signal line 
TDO of the chip ic3a is connected, via wire WOI 
connecting the chips, to pad Ala which corresponds to 
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signal line TDla of the chip icla. Thus, the test 
commands/data output and input signal lines TDO and TDI 
are connected to each other in the form of a loop. 

The pads Al, A2, and A3 and pads A4 , A5, and A6, 
respectively corresponding to the signal lines PAD1, 
PAD2 , and PAD3 and signal lines PAD4 , PADS, and PADS for 
the common core logic 1 of each chip ic are connected, 
parallel to each other, via wires Wl, W2 , and W3 and 
wires W4, W5 , and W6, to the pins Bl, B2, and B3 and pins 
B4, B5, and B6, respectively, which are separately 
provided. 

Namely, the semiconductor device of the present 
embodiment includes a plurality of chips which are 
integrally sealed, test signal input terminal (pin BI) 
for receiving an externally supplied test signal, test 
result output terminal (pin BO) for outputting the test 
result of the plural chips ic to outside, and control 
signal input terminals (pins BC, BM, and BR) for 
receiving externally supplied test control signals. Among 
the plural chips ic, only the chip icla is connected to 
the test signal input terminal (pin BI) , to the test 
result output terminal (pin BO ) , and to the control 
signal input terminals (pins BC, BM, and BR) . Further, 
the test signal is inputted to the chip icla, and 
successively transferred through the other chips, and 
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after being inputted again into the chip icla, outputted 
as a test result to outside. Meanwhile, the test control 
signals are individually supplied to the other chips from 
the chip icla. 

In the stacked device 41 structured as above, the 
TAP 6 of each chip ic is controlled by way of TAPC 7 of 
the chip icla by the host computer 13 as shown in Fig. 7 
so as to perform the boundary scan test all at once with 
respect to all the chips ic in the stacked device 41. 

In this manner, the test commands/data input and 
output pins BI and BO and input pins BC, BM, and BR of 
signals to be used in a test of the device can be 
provided with the minimum required number of 4 (when 
omitting BR) or 5, thus carrying out the test with a 
smaller number of pins and reducing a test pattern length 
on the print substrate 11. Further, the test needs to be 
carried out only once . 

Further, since the TAPC 7, instruction register 3, 
bypass register 4, and option register 5, etc., are 
shared between the plurality of chips, the number of 
gates of the chips ic2a and ic3a can be reduced, thereby 
reducing the chip area and the number of manufacturing 
steps. For example, the number of gates a single TAPC 
possesses is equivalent to twenty to thirty BSRs, and 
thus the number of gates reduced in each of the chips 
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ic2a and ic3a is equivalent to twenty to thirty BSRs . 
Further, in the chips ic2a and ic3a, it is not required 
to provide a special circuit or pins for the boundary 
scan test for every core logic design, and thus the 
number of designing steps, which is worth about ten days 
for example, can be reduced. 

In the stacked device 41 the chips are connected to 
each other, and thus the structure thereof is, for 
example, as shown in Fig. 2, as with the stacked device 
21. 

As described, the semiconductor device of the 
present invention, in which a plurality of semiconductor 
integrated circuit chips are integrally sealed, may have 
an arrangement including: a test register provided for 
each of input and output terminals of a core logic of 
each chip; and a control circuit for controlling the test 
register for testing the chip, test commands/data input 
and output terminals connected to the control circuit, 
and input terminals of signals to be used in the test, 
which are all mounted on each chip, a test commands/data 
input terminal of a device being connected to the test 
commands/data input terminal of a chip of a first stage, 
and the test commands/data output terminal of a chip of 
a preceding stage being serially connected to the test 
commands/data input terminal of a chip of a following 
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stage, and the test commands/data output terminal of a 
chip of a last stage being connected to a test 
commands/data output terminal of the device, and input 
terminals of the device for the signals to be used in the 
test being connected to the corresponding input terminals 
of each chip for the signals to be used in the test. 

With this arrangement, in testing, for example, by 
the boundary scan test, a semiconductor device in which 
a plurality of semiconductor integrated circuit chips are 
integrally sealed, each chip would mount a test register 
such as a BSR of a boundary scan test compatible chip, 
and a control circuit such as TAPC, in addition to test 
commands/data input and output terminals such as TDI and 
TDO, and input terminals of signals to be used in the 
test, such as TCK, TMS, and TRST . 

The test commands/data input terminal of the device 
is connected to the test commands/data input terminal of 
the chip of the first stage, and the test commands/data 
output terminal of the chip of the last stage is 
connected to the test commands/data output terminal of 
the device, and the test commands /data output terminal 
and test commands/data input terminal are serially 
connected between chips of preceding and following stages 
within the device, utilizing the connections between the 
chips, and the input terminal of the device for the 
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signal to be used in the test is connected to the 
corresponding input terminal of the signal of each chip. 

Thus, the test commands/data input and output 
terminals and input terminals of a signal to be used in 
the test of the device can be provided with the minimum 
required number of 4 or 5, for example, when responding 
to the boundary scan test, thus carrying out the test 
with a smaller number of pins and reducing a test pattern 
length on the substrate. Further, the test needs to be 
carried out only once . 

Further, the semiconductor device of the present 
invention, in which a plurality of chips are integrally 
sealed, may have an arrangement including: a test 
register provided for each of input and output terminals 
of a core logic of each chip; and a control circuit for 
controlling the test register for testing the chip, test 
commands/data input and output terminals connected to the 
control circuit, and input terminals of signals, 
connected to the control circuit, to be used in the test, 
which are all mounted on each chip, a test commands/data 
input terminal of a device being connected to the test 
commands/data input terminal of a chip of a first stage, 
and the test commands/data output terminal of each chip 
being connected to a corresponding output terminal of the 
device and serially to the test commands/data input 
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terminal of a chip of a following stage via the output 
terminal of the device, and input terminals of the device 
for the signals to be used in the test being connected to 
the corresponding input terminals of each chip for the 
signals to be used in the test. 

With this arrangement , in testing, for example, by 
the boundary scan test, a semiconductor device in which 
a plurality of semiconductor integrated circuit chips are 
integrally sealed, each chip would mount a test register 
such as a BSR of a boundary scan test compatible chip, 
and a control circuit such as TAPC, in addition to test 
commands/data input and output terminals such as TDI and 
TDO, and input terminals of signals to be used in the 
test, such as TCK, TMS, and TRST . 

The test commands/data input terminal of the device 
is connected to the test commands/data input terminal of 
the chip of the first stage, and the test commands/data 
output terminal of each chip is connected to the test 
commands/data output terminal of the device, and due to 
the structure which prevents a direct connection between 
the chips, the test commands/data output terminal and 
test commands/data input terminal are serially connected 
to each other between the chips of preceding and 
following stages, and the input terminal of the device 
for a signal to be used in the test is connected to the 
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corresponding input terminal of the signal of each chip. 

Thus, even though the test commands/data output 
terminal of the device needs to be provided for the 
number of chips provided in cases where the chips cannot 
be directly connected to each other, the test 
commands/data input terminal and input terminal of a 
signal to be used in the test of the device can be 
provided with the minimum required number of 3 or 4, for 
example, when responding to the boundary scan test, thus 
carrying out the test with a smaller number of pins and 
reducing a test pattern length on the substrate. Further, 
the test needs to be carried out only once . 

Further, the semiconductor device of the present 
invention, in which a plurality of semiconductor 
integrated circuit chips are integrally sealed, may have 
an arrangement including: a test register provided for 
each of input and output terminals of a core logic of 
each chip; and a control circuit for controlling the test 
register for testing the chip, test commands/data relay 
input and output terminals connected to the control 
circuit, and output terminals of signals to be used in 
the test outputted from the control circuit, which are 
all mounted on a chip of a first stage, test 
commands/data input and output terminals of a device 
being respectively connected to the test commands/data 
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input and output terminals of the chip of the first 
stage, and the relay output terminal of the chip of the 
first stage being connected to a test commands/data input 
terminal of a chip of a following stage, and a test 
commands/data output terminal and a test commands/data 
input terminal being serially and successively connected 
between chips of a preceding stage and a following stage, 
and a test commands/data output terminal of a chip of a 
last stage being connected to the relay input terminal of 
the chip of the first stage so as to form a loop, and the 
output terminals of the chip of the first stage for the 
signals to be used in the test being connected to input 
terminals of the other chips for the signals to be used 
in the test . 

With this arrangement, in testing, for example, by 
the boundary scan test, a semiconductor device in which 
a plurality of semiconductor integrated circuit chips are 
integrally sealed, each chip would mount a test register 
such as a BSR of a boundary scan test compatible chip, in 
addition to test commands/data input and output terminals 
such as TDI and TDO, and input terminals of signals to be 
used in the test, such as TCK, TMS, and TRST. 

The control circuit such as TAPC is mounted only on 
the chip of the first stage. Accordingly, the chip of the 
first stage would mount test commands/data relay input 
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and output terminals and output terminals of test signals 
outputted from the control circuit, and the test signal 
is distributed from the chip of the first stage to the 
other chip, using the connections between the chips. With 
regard to test commands and data, the relay output 
terminal of the chip of the first stage is connected to 
the test commands/data input terminal of the chip of the 
following stage using the connection between the chips, 
and the test commands/data output terminal and test 
commands/data input terminal are serially connected to 
each other between the chips of preceding and following 
stages, and the test commands/data output terminal of the 
chip of the last stage is connected to the relay input 
terminal of the chip of the first stage so as to form a 
loop, thereby supplying the test commands and data to 
each chip. 

Thus, the test commands/data input and output 
terminals and input terminal of a signal to be used in 
the test of the device can be provided with the minimum 
required number of 4 or 5, for example, when responding 
to the boundary scan test, thus carrying out the test 
with a smaller number of pins and reducing a test pattern 
length on the substrate. Further, the test needs to be 
carried out only once. Further, the control circuit which 
is common to the plurality of chips only needs to be 
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provided on the chip of the first stage, thus reducing 
the number of the other chips and in turn chip area, as 
well as the number of manufacturing steps. 

The invention being thus described, it will be 
obvious that the same way may be varied in many ways . 
Such variations are not to be regarded as a departure 
from the spirit and scope of the invention, and all such 
modifications as would be obvious to one skilled in the 
art are intended to be included within the scope of the 
following claims. 
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WHAT IS CLAIMED IS: 

1. A semiconductor device, comprising: 

a plurality of chips, which are integrally sealed; 

a test signal input terminal for receiving an 
externally supplied test signal; 

a test result output terminal for outputting a test 
result of said plurality of chips to outside; and 

control signal input terminals for receiving 
externally supplied test control signals, 

the test signal inputted from said test signal input 
terminal being successively transferred through said 
plurality of chips, and 

the test control signals inputted from said control 
signal input terminals being individually supplied to 
each of said plurality of chips. 

2. The semiconductor device as set forth in claim 1, 
wherein said plurality of chips are connected to each 
other via said test result output terminal . 

3. A semiconductor device, comprising: 

a plurality of chips, which are integrally sealed; 
a test signal input terminal for receiving an 
externally supplied test signal; 

a test result output terminal for outputting a test 
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result of said plurality of chips to outside; and 

control signal input terminals for receiving 

externally supplied test control signals, 

only one of said plurality of chips being connected 

to said test signal input terminal, to said test result 

output terminal, and to said control signal input 

terminals , 

the test signal being inputted to the one of said 
plurality of chips and successively transferred through 
the other chips, and after being inputted again into the 
one of said plurality of chips, outputted as the test 
result to outside, and 

the test control signals being individually supplied 
from the one of said plurality of chips to each of the 
other chips . 

4, The semiconductor device as set forth in claim 3, 
wherein only the one of said plurality of chips includes 
a controller for controlling an input /output interface of 
the test signal. 

5. A semiconductor device in which a plurality of 
chips are integrally sealed, comprising: 

a test register provided between a core logic and 
each of input and output terminals of each chip; and 
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a control circuit for controlling said test register 
for testing the chip, test commands/data input and output 
terminals connected to said control circuit, and input 
terminals of signals to be used in the test, which are 
all mounted on each chip, 

a test commands /data input terminal of a device 
being connected to the test commands/data input terminal 
of a chip of a first stage, and the test commands/data 
output terminal of a chip of a preceding stage being 
serially connected to the test commands/data input 
terminal of a chip of a following stage, and the test 
commands/data output terminal of a chip of a last stage 
being connected to a test commands/data output terminal 
of the device, and input terminals of the device for the 
signals to be used in the test being connected to the 
corresponding input terminals of the signals of each 
chip . 

6 . A semiconductor device in which a plurality of 
chips are integrally sealed, comprising: 

a test register provided between a core logic and 
each of input and output terminals of each chip; and 

a control circuit for controlling said test register 
for testing the chip, test commands/data input and output 
terminals connected to said control circuit, and input 
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terminals of signals, connected to said control circuit, 
to be used in the test, which are all mounted on each 
chip, 

a test commands /data input terminal of a device 
being connected to the test commands/data input terminal 
of a chip of a first stage, and the test commands/data 
output terminal of each chip being connected to a 
corresponding output terminal of the device and serially 
to the test commands/data input terminal of a chip of a 
following stage via the output terminal of the device, 
and input terminals of the device for the signals to be 
used in the test being connected to the corresponding 
input terminals of the signals of each chip. 

7 . A semiconductor device in which a plurality of 
chips are integrally sealed, comprising: 

a test register provided between a core logic and 
each of input and output terminals of each chip; and 

a control circuit for controlling the test register 
for testing the chip, test commands/data relay input and 
output terminals connected to said control circuit, and 
output terminals of signals to be used in the test 
outputted from the control circuit, which are all mounted 
on a chip of a first stage, 

test commands/data input and output terminals of a 
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device being respectively connected to the test 
commands /data input and output terminals of the chip of 
the first stage, and the relay output terminal of the 
chip of the first stage being connected to a test 
commands/data input terminal of a chip of a following 
stage, and a test commands/data output terminal and a 
test commands/data input terminal being serially and 
successively connected between chips of a preceding stage 
and a following stage, and a test commands/data output 
terminal of a chip of a last stage being connected to the 
relay input terminal of the chip of the first stage so as 
to form a loop, and the output terminals of the chip of 
the first stage for the signals to be used in the test 
being connected to input terminals of the signals of the 
other chips. 
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ABSTRACT OF THE DISCLOSURE 
Each chip includes, in addition to a core logic, a 
register such as a BSR. A TAPC for controlling the 
register is provided only on a chip of the first stage, 
and an test commands/data output and input signal lines 
for the boundary scan test are connected to each other 
via wire to form a loop. Other signal lines used in the 
test are distributed from an output signal line of the 
chip of the first stage. As a result, the test needs to 
be carried out only once with a smaller number of pins 
and the number of steps and area can be reduced in chips 
not provided with TAPC. With this arrangement, in a 
stacked device in which a plurality of chips are 
integrally sealed, the boundary scan test only needs to 
be carried out once with a smaller number of pins. 
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